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Abstract of EP1 099774 

A method of producing an element of composite 
material (1), including the steps of forming a first 
distribution of first elements (20) defining the 
matrix of the element of composite material (1); 
forming a second distribution of second elements 
(21) defining the reinforcing structure of the 
element of composite material (1); and 
compacting the first and second elements (20, 
21) to obtain a distribution of the reinforcing 
structure inside the matrix; the first elements 
being metal wires (20); and the step of forming 
the first distribution including the step of 
assigning each second element (21) an orderly 
distribution of metal wires (20). 
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(54) Method of producing an element of composite material 



(57) A nnethod of producing an element of connpos- 
ite material (1), Including the steps of fomning a first dis- 
tribution of first elements (20) defining the matrix of the 
element of composite material (1 ); forming a second dis- 
tribution of second elements (21) defining the reinforc- 
ing structure of the element of composite material (1); 



and compacting the first and second elements (20, 21) 
to obtain a distribution of the reinforcing structure inside 
the matrix; the first elements being metal wires (20); and 
the step of forming the first distribution including the step 
of assigning each second element (21) an orderiy dis- 
tribution of metal wires (20). 
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Description 

[0001] The present invention relates to a method of 
producing elements of composite material, in particular, 
circular-geometry elements such as countershafts, tur- 
bine and compressor disks for turbomachines, etc. 
[0002] As is known from Italian Patent Application n. 
T096A000979 filed on 3 December 1996 by FIATAVIO 
S.p.A, composite-material elements of the above type 
are produced by forming a number of disks, each formed 
by winding a continuous reinforcing fiber about an axis 
to fomri a flat spiral; stacking the disks with the Interpo- 
sition of respective spacer sheets of metal material; and 
axially compacting the stack to form a metal matrix in 
which the various spirals of reinforcing fibers are em- 
bedded. 

[0003] The physical characteristics of such compos- 
ite-material elements depend mainly on the distribution 
of the reinforcing fibers inside the metal matrix; and the 
extentto which the fibers are distributed evenly depends 
on the extent to which the turns in each disk are equally 
spaced a predetermined distance apart, and the extent 
to which the freedom of movement of the various turns 
Is restricted, especially at the compacting stage. 
[0004] For which reason,. the turns of reinforcing fiber 
are locked in place with respect to one another by fas- 
tening wires wound about each turn and extending 
spokefashion with respect to the axis of the spiral. 
[0005] More specifically, the turns are equally spaced 
a given distance apart by fomiing, alongside formation 
of the spiral, a further two flat spirals of spacer wire, 
which are removed from the spiral of reinforcing fiber 
once the fastening wires are wound about the turns. 
[0006] The method described briefly above involves 
several drawbacks. 

[0007] In particular, producing composite-material el- 
ements using disks of reinforcing material and metal 
spacer sheets of given thicknesses means it is impos- 
sible to obtain any given desired distribution of the rein- 
forcing fibers inside the metal matrix. 
[0008] Moreover, the above method comprises vari- 
ous fairly complex, and therefore fairly high-cost, oper- 
ations (weaving the spirals of reinforcing wire separately 
and fastening the relative turns; stacking the disks of 
ceramic material and spacer sheets; and placing the 
stacks inside a final container to form the composite- 
material elements). 

[0009] In the case of a titanium metal matrix, the spac- 
er sheets are not easy to procure in the form required 
by the methods described, i.e. of constant 0.1 mm thick- 
ness, and call for various dedicated machining opera- 
tions (cutting, grinding, welding, etc.) which further in- 
crease the already high codt involved. 
[0010] Finally, the fastening wires must be made of 
inert material, with respect to both the metal matrix and 
the reinforcing fibers. 

[0011] It is an object of the present invention to pYo- 
vide a method of producing an element of composite 



material, designed to eliminate in a straightforward, low- 
cost manner the aforementioned drawbacks typically 
associated with known methods. 
[0012] According to the present invention, there is 
5 provided a method of producing an element of compos- 
ite material comprising a metal matrix and a reinforcing 
structure, said method comprising the steps of: 

forming a first distribution of first elements defining 
said matrix; 

fomning a second distribution of second elements 
defining said reinforcing structure; and 
compacting said first and second elements to obtain 
a distribution of said reinforcing stnjcture inside said 
matrix; 

characterized in that said first elements are 
metal wires; and in that said step of fonning said 
first distribution comprises the step of assigning 
each said second element an orderly distribution of 
said metal wires. 

[0013] A prefen^ed, non-limiting embodiment of the 
present invention will be described by way of example 
with reference to the accompanying drawings, in which: 
[0014] Figure 1 shows a front view of an element of 
composite material formed in accordance with the 
present invention; 

[001 5] Figure 2 shows an axial section of a supporting 
body with a ring of composite material, from which the 
Figure 1 element is fomied using the method according 

to the present invention; 

[0016] Figure 3 shows a larger-scale view of a detail 
of the Figure 2 ring; 

[0017] Figures 4 to 9 show partial axial sections of 
successive operating steps In the fonnation of the Fig- 
ure 1 element according to the method of the present 
invention; 

[0018] Figure 10 shows the Figure 3 detail following 
application of the method according to the present in- 
vention. 

[0019] Number 1 in Figure 1 indicates as a whole an 
element of composite material formed using the method 
according to the present invention - in the example 
shown, a rotary member, such as a compressor disk for 
turbomachines, to which the following description refers 
purely by way of example. 

[0020] Element 1 is of circular annular shape with an 
axis of symmetry A, and comprises a central portion 2 
in the form of a flat disk and defining a through hole 3 
of axis A, and a substantially cylindrical peripheral por- 
tion 4 projecting axially in both directions with respect 
to central portion 2 and supporting externally a number 
of projecting radial blades 5. 

[0021] More specifically, central portion 2 is made of 
a composite material defined by a matrix of metal ma- 
terial - in the example shown, titanium alloy - and by a 
reinforcing structure of ceramic material - in the example 
shown, silicon carbide - and is coated externally with a 
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thin layer of metal or so-called "skin", preferably of tita- 
nium aiioy. 

[0022] Peripheral portion 4, on the other hand, is 
made entirely of metal material, advantageously the 
same material as the matrix of central portion 2. 
[0023] Element 1 is formed by preparing and then 
compacting a toroidal base structure 6 (Figure 6) of axis 
A. 

[0024] Structure 6 is fonmed from a substantially an- 
nular main body 7 (Figures 2, 4-9) comprising a through 
hole 8 of axis A defining hole 3 of element 1 , and a disk- 
shaped portion 9. from a flat end surface 10, perpendic- 
ular to axis A, of which projects axially a cylindricahtu- 
bular portion 11 having an outside diameter smaller than 
the outside diameter of disk-shaped portion 9. 
[0025] Hole 8 is defined at portions 9 and 11 by re- 
spective cylindrical surfaces 12, 13 having different di- 
ameters and connected to each other by a flat interme- 
diate surface 14 perpendicular to axis A and extending 
along an extension of end surface 1 0. More specifically, 
cyllndricat surface 12 is larger in diameter than cylindri- 
cal surface 13. 

[0026] Main body 7 also comprises an annular projec- 
tion 15, of axis A, projecting inside hole 8 from intemne- 
diate surface 14 and having a right-triangular section 
with the hypotenuse facing cylindrical surface 13. 
[0027] Base structure 6 is formed as follows. 
[0028] First of all, a first distribution of metal wires 20 
defining the metal matrix of element 1 , and a second 
distribution of fibers 21 of ceramic material defining the 
reinforcing structure of element 1 are positioned coaxi- 
ally on main body 7. 

[0029] An important characteristic of the present in- 
vention is that the first distribution is formed by assigning 
each fiber 21 an orderly distribution of metal wires 20. 
Wires 20 and fibers 21 together define a composite-ma- 
terial ring 16 (Figure 2) woven on a known winding ma- 
chine not shown. In the example shown, wires 20 and 
fibers 21 are annular with a circular section (Figure 3) 
and are made respectively of titanium alloy and silicon 
carbide. 

[0030] More specifically, ring 1 6 is positioned coaxial- 
ly about tubular portion 1 1 of main body 7, and rests on 
end surface 10 of disk-shaped portion 9. 
[0031] Wires 20 and fibers 21 are advantageously 
combined in a weave pattern (Figure 3) in which two 
wires 20 are interposed between each pair of fibers 21 . 
More specifically, in the weave pattern, each fiber 21 is 
surrounded by six wires 20 forming the vertices of a hex- 
agon, and occupies the barycenter of the hexagon. * 
[0032] Ring 1 6 is defined externally by a radially outer 
and radially inner cylindrical lateral surface 22a, 22b, 
and by two opposite flat annular end surfaces 22c, 22d; 
which surfaces 22a, 22b, 22c, 22d are made exclusively 
of metal wires 20 for ensuring, after the compacting 
step, the structural continuity of ring 16, main body 7 
and the other metal parts of structure 6 described in de- 
tail later on. 



[0033] Wires 20 and fibers 21 have the same diameter 
and together define a number of hexagonal base cells 
1 8 (shown by the dash lines in Figure 3); and each base 
cell 18 is defined by a central fiber 21 and by respective 
5 120® angular portions of the six wires 20 surrounding 
central fiber 21 , so that the volume of the reinforcing 
structure is 33% that of the matrix. 
[0034] Structure 6 is completed by fitting main body 7 
coaxially with two annular closing elements 23, 24 (Fig- 
ures 4 and 5) and a cover 25 (Figure 6), which, together 
with main body 7, define a closed seat for ring 16. 
[0035] With particular reference to Figures 4-9, clos- 
ing element 23 is the same axial height as tubular por- 
tion 11 of main body 7, while the axial height of closing 
element (or piston ring) 24 equals the difference be- 
tween the axial heights of tubular portion 1 1 and ring 1 6. 
[0036] Closing element 23 is fitted onto the radially 
outer surface 22a of ring 1 6 so as to rest on end surface 
10 of disk-shaped portion 9 of main body 7; and, simi- 
lariy, closing element 24 is inserted between tubular por- 
tion 11 of main body 7 and closing element 23 so as to 
rest on end surface 22d of ring 1 6, on the opposite side 
to disk-shaped portion 9. 

[0037] Cover 25 comprises a circular, annular, disk- 
shaped wall 28, from the radially inner and outer periph- 
eral edges of which project respective concentric inner 
and outer cylindrical walls 29, 30. 
[0038] Cover 25 is assembled by positioning disk- 
shaped wall 28 facing respective free axial ends of clos- 
ing elements 23, 24 and tubular portion 11 of main body 
7, and by inserting cylindrical wall 29 inside hole 8 so 
that the end rests on projection 15, and by fitting cylin- 
drical wall 30 on the outside of closing element 23 so 
that the end rests on a peripheral annular shoulder 31 
of disk-shaped portion 9 of main body 7 (Figure 6). 
[0039] Cover 25 is then fixed to main body 7 by spot 
welding the portions contacting projection 1 5 and shoul- 
der 31. 

[0040] At this point, the air Inside structure 6 is extract- 
ed using a known molecular pump (not shown) and a 
known muffle furnace (not shown) for heating structure 
6 to a temperature of about 600° C. 
[0041] The resulting structure 6 Is compacted in a 
conventional autoclave (not shown) for HIPping (Hot 
Isostatic Pressing) processing with automatic tempera- 
ture and pressure control. 

[0042] At the first stage, lasting about two hours, the 
temperature of the autoclave, initially at ambient condi- 
tions, is increased to the superplasticity temperature of 
the titanium alloy - in the example described, about 
900°C. 

[0043] The temperature in the autoclave is then main- 
tained constant long enough to enable the entire mass 
defining structure 6 to reach a uniform temperature. This 
period of time - two hours on average - is calculated 
bearing in mind that heat transmission at this stage is 
slowed down by the absence of air inside structure 6, 
and by the fact that the contact area between wires 20 
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of surfaces 22a, 22b, 22c, 22d of ring 1 6 and main body 
7 is extremely small and therefore permits very little 
heating by conduction of wires 20. At the same time, the 
pressure Inside the environment housing structure 6 
and defined by the autoclave is increased to such a 
threshold value - in the example described, 900 Kg/cm2 
- as to pemrianentty deform disl<-shaped wall 28 of cover 
25 in a direction parallel to axis A (Figure 7). More spe- 
cifically, disk-shaped wall 28 of cover 25 flexes so as to 
come to rest on closing element 24, which in turn press- 
es against composite-material ring 16 to act as a pres- 
sure equalizer and transmitter. Once disk-shaped wall 
28 of cover 25 is so defonned as to enable closing ele- 
ment 24 to axially stress composite-material ring 16, 
metal wires 20 are defonned so as to fill the gaps for- 
merly present between wires 20 and fibers 21 . At this 
stage, composite-material ring 16 contracts along axis 
A, while the position of fibers 21 with respect to axis A 
remains constant to ensure unifomri distribution of the 
reinforcing structure inside the metal matrix. 
[0044] At this point, the pressure inside the autoclave 
is increased further to such a threshold value - in the 
example shown, about 1 300 Kg/cm2 - as to collapse the 
whole of structure 6, which Is also compacted crosswise 
to axis A (Figure 9). IVIore specifically, cylindrical walls 
29, 30 of cover 25 adhere respectively to a radially outer 
surface of closing element 24 and to surface 13 defining 
hole 8, while composite-material ring 16 adheres along 
metal peripheral surfaces 22a, 22b, 22c, 22d to disk- 
shaped and tubular portions 9, 11 of main body 7 and 
to closing elements 23 and 24. 

[0045] The compacted structure 6 is then cooled by 
so reducing the temperature and pressure as to mini- 
mize the residual stress produced in the portion derived 
from composite-material ring 1 6 by the different coeffi- 
cients of thermal expansion of the metal matrix and re- 
inforcing fibers 21. 

[0046] The portion of element 1 derived from ring 16 
assumes the Figure 1 0 configuration, in which fibers 21 
are evenly distributed inside the metal matrix, are equal- 
ly spaced in a direction perpendicular to axis A, and are 
separated by varying distances in a direction parallel to 
axis A. 

[0047] Finally, the compacted structure 6 may be sub- 
jected to mechanical machining or similar to obtain the 
finished contour of element 1 . In particular, blades 5 are 
formed from the part of compacted structure 6 derived 
from disk-shaped portion 9 of main body 7. 
[0048] Using metal wires 20 to form the matrix of com- 
posite-material element 1 therefore provides, by appro- 
priately selecting the diameter of wires 20 and fibers 21 , 
for obtaining any desired distribution of the reinfordng 
structure inside the metal matrix. 
[0049] In particular, by appropriately selecting the 
type of distribution of metal wires 20 relative to each re- 
inforcing fiber 21 , e.g. by adopting the hexagonal distri- 
bution described previously, the freedom of movement 
of fibers 21 can be limited during compaction to maintain 



the positions of fibers 21 with respect to axis A. 
[0050] Moreover, unlike known methods, the method 
described provides for forming composite-material ele- 
ment 1 by weaving wires 20 and fibers 21 directly onto 
5 parts (main body 7) eventually forming part of the metal 
matrix of element 1 , thus eliminating the need for pro- 
ducing separate disks of reinforcing wire, fastening the 
turns of each disk, the long, complicated process of 
stacking the disks with respective metal spacer sheets 
in between, and placing the stacks inside containers for 
producing elements 1 . 

[0051] The spacer sheets, which are particularly ex- 
pensive when titanium-based, and the wori< involved in 
preparing the sheets may therefore be eliminated with 
considerable saving. 
[0052] Finally, contraction of structure 6 at the com- 
pacting stage is less than that of stacks of ceramic disks 
and metal spacer sheets using the known methods de- 
scribed previously. 

[0053] Clearly, changes may be made to the method 
described and illustrated herein without, however, de- 
parting from the scope of the accompanying Claims. 
[0054] In particular, reinforcing fibers 21 may be made 
of different materials, including metal. 
[0055] Main body 7, closing elements 23, 24 and cov- 
er 25 may be made of different metal materials from 
each other and from the material of wires 20. 
[0056] Finally, once formed, composite-material ring 
1 6 may even be extracted from structure 6 and used to 
fomn different composite-material elements. 



Claims 

35 1 . A method of producing an element of composite 

material (1) comprising a metal matrix and a rein- 
forcing structure, said method comprising the steps 
of: 

40 - fonming a first distribution of first elements (20) 
defining said matrix; 

forming a second distribution of second ele- 
ments (21) defining said reinforcing structure; 
and 

45 - compacting said first and second elements (20, 
21) to obtain a distribution of said reinforcing 
structure inside said matrix; 

characterized in that said first elements are 
50 metal wires (20); and in that said step of forming 
said first distribution comprises the step of assign- 
ing each said second element (21) an orderly dis- 
tribution of said metal wires (20). 

55 2. A method as claimed in Claim 1 , characterized in 
that said second elements are reinforcing fibers. 

3. A method as claimed in Claim 2, characterized in 
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that said assigning step comprises the step of pre- 
paring a woven element (1 6) by placing at least one 
said metal wire (20) alongside each said reinforcing 
fiber (21). 

5 

4. A method as claimed in Claim 3, characterized in 
that said step of preparing said woven element (1 6) 
comprises the step of interposing at least two said * 
metal wires (20) between each pair of adjacent said 
reinforcing fibers (21 ). io 

5. A method as claimed in Claim 3 or 4, characterized 
in that said step of preparing said woven element 
(16) comprises the step of surrounding each said 
reinforcing fiber (21 ) with six said metal wires (20) is 
fonning the vertices of a hexagon. 



6. A method as claimed in Claim 5, characterized in 
that said step of preparing said woven element (16) 
comprises the step of positioning each said rein- 
forcing fiber (21) at the barycenter of the hexagon 
defined by said metal wires (20) about the reinforc- 
ing fiber (21). 

7. A method as claimed in any one of Claims 3 to 6, 
characterized in that said step of preparing said wo- 
ven element (1 6) comprises the step of fomning re- 
spective boundary surfaces (22a, 22b, 22c, 22d) of 
the woven element (16) using exclusively said met- 
al wires (20). 

8. A method as claimed in any one of Claims 3 to 7, 
characterized in that said metal wires (20) and said 
reinforcing fibers (21) are annular; and in that said 
step of preparing said woven element (16) is per- 
fomied by placing said metal wires (20) and said 
reinforcing fibers (2 1 ) about a toroidal main body (7) 
made of metal material. 

9. A method as claimed in Claim 8, characterized by 
comprising the step of forming a base structure (6) 
by fitting covering means (23, 24, 25) of metal ma- 
terial onto said main body (7) to close said woyen 
element (16) between said main body (7) and the 
covering means (23, 24, 25). 

10. A method as claimed in Claim 9, characterized in 
that said main body (7) and said covering means 
(23, 24, 25) define, at the end of said compacting 
step, respective peripheral portions of said element 
of composite material (1); and in that said woven 
element (1 6) defines, at the end of said compacting 
step, a core of said element of composite material 
(1). 

11 . A method as claimed in Claim 9 or 1 0, characterized 
in that said compacting step comprises the steps of: 



placing said base structure (6) in an environ- 
ment of controllable temperature and pressure 
conditions; 

varying the temperature of said environment so 
as to bring said metal wires (20), said main 
body (7) and said covering means (23, 24, 25) 
uniformly to a superplasticity temperature; and 
varying the pressure of said environment to de- 
form said metal wires (20) and fill any gaps be- 
tween the metal wires (20) and said reinforcing 
fibers (21) of said woven element (16), and to 
cause said main body (7) and said covering 
means (23, 24, 25) to adhere to one another 
and to said metal wires (20) of said boundary 
surfaces (22a, 22b, 22c, 22d) of said woven el- 
ement (16). 

12. A method as claimed in any one of the foregoing 
Claims, characterized in that said metal wires are 
made of a titanium-alloy-based material. 

13. A method as claimed in any one of Claims 2 to 12, 
characterized in that said reinforcing fibers are 
made of ceramic material. 

A method as claimed in Claim 13, characterized in 
that said reinforcing fibers are made of a silicon-car- 
bide-based material. 

15. A rotary member (1) made of composite material 
and comprising a structure of metal material (4) and 
a reinforcing element (2, 1 6) of composite material; 
characterized in that said reinforcing element (2, 
16) is obtained from an orderly distribution of metal 
wires (20) and reinforcing fibers (21), and has re- 
spective boundary surfaces (22a, 22b, 22c, 22d) 
made exclusively from said metal wires (20) and 
connected integrally by compaction to said struc- 
ture of metal material (4). 
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